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Seawater pCO 2 manipulation
Artificial seawater (Aquamarine Ltd) was filtered to 1 µm and made up to a salinity of 35 salinity units (psu). Additional salinity measurements were made using a Mettler Toledo SG7 SevenGo pro conductivity meter to an accuracy of ± 0.1 psu. Seawater pCO 2 was manipulated using a computerised control system (NBS scale, AquaMedic, Germany) which regulated pH via a solenoid valve and CO 2 injector in conjunction with vigorous aeration. Additional seawater pH measurements were taken using a Metrohm (827 pH lab) pH NBS electrode and NBS buffers and once at the desired pH (± 0.02) seawater was stored in sealed containers lacking an airspace for use within 1 hour of collection. A seawater pH value of 7.70 was targeted in the OA treatment to represent near-future OA as projected according to scenario RCP 8.5 IPCC WGI AR5 3, 4 . The artificial seawater used in this study had a relatively high alkalinity compared to natural seawater, and this additional buffering capacity resulting in a slightly higher pCO 2 . Dissolved inorganic carbon (DIC) analysis was carried out upon seawater samples collected during each experiment using a custom built system described by Friederich, et al. 6 and following the methodology found in Lewis, et al. 7 . This system allowed the measurement of seawater DIC with a precision of ± 3 µM. Additional seawater parameters; total alkalinity and pCO 2 , were calculated using CO2SYS 1 according to Findlay, et al. 8 and using the pH, salinity and DIC measurements along with the NBS scale and Dickson standards.
Assessment of ejaculate characteristics
Following incubation a small sub-sample of diluted sperm was transferred to Leja 20 mm standard counting chambers for analysis. Motility assessment took place using a Microptic Sperm Class Analyser (SCA®: Microm, UK) fitted with a Nikon Eclipse 50i negative phase contrast microscope (100 x magnification) and a Peltier cooled stage which was operated at 14 ± 0.1 °C. Images were captured at a rate of 100 frames s -1 with individual sperm tracked for 0.5 seconds. A minimum of 500 sperm were tracked in each sample and a range of CASA derived motility parameters calculated for each sperm tracked using the SCA® Motility and concentration module. Samples were analysed once (one technical replicate) but we analysed a large number of sperm per sample (> 500) as previous work has indicated a high within-sample repeatability for CASA parameters using this approach 9 . Threshold values of > 10 µm s -1 curvilinear velocity (VCL) and > 3.2 µm s -1 straight line velocity (VSL) were used to remove the influence of immotile sperm moving via capillary drift from subsequent analysis and to determine the percentage of motile sperm within each sample (representative of the ejaculate). We also calculated several additional speed parameters for each male; the average VCL of the fastest 1, 5 and 10 % of sperm. To achieve this sperm were ordered by ascending speed and split into speed percentiles. Sperm path linearity (LIN) and sperm path straightness (STR) were calculated by the SCA® CASA System [LIN: VSL/VCL and STR: VSL/ average sperm path velocity (VAP)].
Competitive fertilisations and larval paternity assignment
Fertilisations were allowed to proceed for 30 minutes in 20 ml of treatment seawater before fertilisation beakers were topped up to 350 ml with current seawater and incubated overnight at 14 ± 0.1 °C. Beakers were gently aerated from twelve hours post fertilisation and the incubation temperature increased to 18 ± 0.1 °C to enhance larval development. Larvae were fed an appropriate ration of Isochrysis algal paste on days 2 and 3. Larval development was terminated at the end of day 3 when cultures were filtered through a 60 µm mesh and larvae were re-suspended in 95 % ethanol and stored in microcentrifuge tubes at -20 °C alongside a 1 cm 2 section of gonad tissue dissected from each potential parent. Detailed methodology on paternity assignment can be found in Levitan 10 . In short DNA was extracted from individual larvae or adult gonad tissue, diluted and then amplified using fluorescently labelled primers via the polymerase chain reaction (PCR). Following amplification PCR products were genotyped using an Applied Biosciences 3730xl DNA Analyzer. The reaction products were visualised and scored for six potential microsatellite loci (see Table S4 for information on microsatellite markers) using GeneMapper v. 3.5 software (Applied Biosystems, CA, USA). In order to assign paternity through the identification of inherited markers, a minimum of 2 of the most diagnostic loci for each potential set of parents were selected and screened for in the larvae.
R code
To calculate dispersion of a GLMM object:
overdisp_fun <-function(model) { ## number of variance parameters in ## an n-by-n variance-covariance matrix vpars <-function(m) { nrow(m)*(nrow(m)+1)/2 } model.df <-sum(sapply(VarCorr(model),vpars))+length(fixef(model)) rdf <-nrow(model.frame(model))-model.df rp <-residuals(model,type="pearson") Pearson.chisq <-sum(rp^2) prat <-Pearson.chisq/rdf pval <-pchisq(Pearson.chisq, df=rdf, lower.tail=FALSE) c(chisq=Pearson.chisq,ratio=prat,rdf=rdf,p=pval) } #command to calculate the dispersion of a GLMM object overdisp_fun(GLMMobject)
